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[0 0 7 8] 

ZL<Z)G a nl 1 0 3 It. A1 Q 15 Ga Q g5 NJ:V^A'^77ll 0 2 



, J/iJn>lSl 0 1 <DgffiM^ACD®^$:Al 0 15 Ga Q g5 N J: U^S7-?^/-7T 

©MFfcG aNi nI103 5:^^^ -5 Zl £#T*^£o 

[0 0 7 9] 

JbSH<Z)nMl 0 3 ZW-mhtc^ N 2 X«H 2 , NHg, TMA, TMG&tfS/^ > (SiH 4 ) 
MIT, j^J¥^lAtm©Al 0>08 Ga 0 g^^Snf^'V FH 04« 
bfco ?^^CN 2 X«H 2 . NH 3 , TMA. TMG&tf > (SiH 4 ) UT. Aio.Ol^O.S 

g Nfr£/££^ff^lOOnmtf>nM?£:#-f KI10 5 £?£f&b£o 
[0 0 8 0] 



(DnMytlS^ KM 1 0 5©_hlC, 



LfeMQWflOjfiftl 10 6 Sr^bfe 



KM 1 0 5<Z)_tlC, G aN)!)^E§lfl!l6 n mfflif ill 10 6 1 



J&Lfco 3 ^MiM»6 0 0~9 0 0iC, TMG<Z>£y&*& 2 ~ 1 0 

fimoi /fa NH 3 <£>gy&itttii slna?&£„ 

[0 0 8 1] 

N 2 S^t'J7^tL/t, NH 3 , TMA&tfTMIfcg^bT, Al yo In 0 
20 N)!)^)$5III!I4 nmOi^Fll 0 6 2 5:iilt ^©B£<Z), MiH 
j£:S?&^te6 00-9 0 0TC, TMA&OTilCDgy&ite^.* 2~ 1 0 /ttmol 

[0 0 8 2] 



10 6 1 H-Ml^-XfM 1 0 6 2tl:^fft*lMl^b 



IC f0±tCG a N ^ ^SlMUl 6 n m©i? 



10 6 1 £7£f£b£ 



ZLGDJ:e>tCLTA 1 I nN*^^Si?#pI 1 0 6 2 IrftSMQWfl© 
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?SttH 0 6 £7£j&bfc 0 
[0 0 8 3] 

#acN 2 Xti:H 2 , NH 3> TMA. TMG&tfCPgMg&gyg L T. Al Q 01 Ga Q 9g N;fre>f&£ 
m^lOOnmOpM^^-r K«l 0 7 Sr^^L^o #ClC. N 2 X&H 2 . NHg. TMA. T 
MGS^CP 2 MgS:#t*&UT> Jgl^&Jl /x "»<Z>A1 0 Q8 Ga 0 g2 N^ p 9 y KM 1 
0 8 Sr^^bfeo 

[0 0 8 4] 



M££ll00r;tC&J£U N 2 XttH 2 £l0L/min. NH 3 £lOL/miiu TMG 5:100 
jtmol/min, Cp 2 Mg£2jK mol/minT^ALT, V 9 A (Mg) # K- ft 



[0 0 8 5] 

#lc. *^tt&l#gS«S:J8v**t\ p!a>!?^Ml09, pM^^KMI 



1/*A. if—l\(D 



0.2mm/s. tf— 2±&60 fi m * 



. X^^50/iTorr-e$>-5 o * <D*^§S©figfif tC J: y . pSn>^9 M9, p 

KM.8fttJfpS3fe^f>f K»7li-ttl-?*l, *-;i/*^5Xl0 17 /cm 3 . 5X10 
17 /cm 3 . 5X10 17 /cm 3 £&o£„ <fc O K bt#Iilffi ?:n/\ £ d 

[0 0 8 6] 

^fru 7*hyy^7^foL i^icnii o 3 ic^-r & 

3RH*3: ^ > ^-ei^* L fee 

[0 0 8 7] 

#Cfc. :7* h l/^x K5:t?Si0 2 Mlc<fcoTSt)tiTv>^v>^$&©p^=i>^^ 
M109, pl^7f KM 10 8. pMtW-T KM 10 7. ?S1±M 10 6. n 
KM 10 5. nS^y KM 1 0 4&tfnM 1 0 3 <D— B £K£^0.04 
Torr. 1^M^«*0. 4 4 W/cm 2 . Cl 2 #X b K9>f X. y ^ > ^ U ^(Z) 
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[0 0 8 8] 

7££. -'y>r;KNi)5:IiLtpi3>^^ 1 0 9tf)JhlC«1il 1 OAS: 
mfcht-o — nil 0 3lCjtifbTtt, 7;i/^-"?A(Al)5:IiUtttl 1 
0 B Sr^bfeo 



[0 0 8 9] 



It, 5§ff^5:#t. z:©i;e)iCLT^$tifc^#^l^-if 1 0 0 

^«1000mAtCT|§^ffi^Jl0mW, SMSfcT- 3 8 0 n m "Tf^o 

fee 

[0 0 9 0] 

FJS 1 0 6 2 *&mLfz.f=.&>. ^<DM^-^HM<D^mz^^X I nNjffif&^i^ 



[0 0 9 1 ] 



[0 0 9 2] 



Sl^- (LD) (Z>#ffr£^< U 



[0 0 9 3] 
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10 1 ©MffiM^AOipSa £&J5 /imiilfc^ MlUM^, A£>$g a #10 it m £ 



10/i m©&ffl#&V^ 2ifc. A1 Q 15 Ga 0 g5 N«k U^SA^^rMl 0 2©_hS 
^cBCDipSb 5: 5 ft mil Ltctf. Al Q 15 Ga Q 85 N<j:^57ty7 7il 0 2 <Z)_L 
3P«c B (DM b #10 m m £ig it £ £ ]f£&#8£tf>5t»^* U Jt8Mg« B <7)i{§ b 

1 ~10Atm<£>^B#&^o nil O30^ffi©I^?), 



10 1 <59®ffi^^A<Z)iIISa ©Al 0 15 Ga Q g5 N <J: »J J^S/^y 7 7® 1 0 2<D±$R 
i£B (D^b lZtt~f Z>m& a / b it 1 ~10#M£ bV^ D 
[0 0 9 4] 

J£Ul(Z>*illC, i/y-l^a^l 0 1 (7)SmM^A(Z)ffi^$:Al 0 15 Ga 0 g5 N 

^ot^ttCDWinl 1 0 3 S/Un>«« 
1 0 1 £-€-©_h<Z>GaN teft^6^Cfcg-£LT^&^fc#>&C. GaNiU^nH 

[0 0 9 5 ] 



[0 0 9 6] 

. — ^Al x Ga y In^.y N(0 ^x ^1,0 ^y ^1,0 ^x+y ^l)©ft&afif£Jt© 

tf # 3r S/ ^ 3 * 5 IZ fcfc, Al x Ga^ N(0 <x ^1) (AlN h 

nllO 3(i. -j&j£Al x Ga y ln ± N(0 ^x ^1,0 ^y ^1,0 < 
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[0 0 9 7] 

&miMt&WV&. KvyrM 1 0 2(Z)J^£:$J1000A£ Vfct>\ Ay 

•7tM1 0 2 BJ*v*£*^y f^i:^'y77ll o 2 & ti:UT 

nI10 3Ml^V\ JcoT, A>y7Tl 1 0 2 (DmZi*. 500 A—2000A 
[0 0 9 8] 

fa©mimgM«)^#^^-if l 0 0©^££cd^&,&##v^ % *ifM*ttl'- 

[0 0 9 9] 
<¥^#tb— if 2 0 0©£fc#$t> 
( 1 ) MQWtSftM2 0 6 

(a) ?f Fl 2 0 6 2 (A 1 1-x I n x N ; x=0.30, |£J£ $J 5 n m) 

(b) 1?|1I2 0 6 1 (A 1 H I n z N ; z =0.05, H»5nm) 
(2) /ty77l2 0 2 

(a) ^m&mftMZ 0 2 1 (A 1 N, J^j?^j5 0 0 A) 

(b) mi2 0 2 2 (GaN, HKjyftO. 3 jam) 
[0 10 0] 

gp-fe. 06©^^l^-if2 0 0 It. V 7 T-lT&ffi £lsT&V, 
r©^77>f7lS2 0 1 ©JiiCli, A>y77l2 0 2j!)^S^TV\S 0 Zl© 
Zt>y7 7l2 0 2H H 6 ICtj^ 5IfISftS. fP*>, /t-)/77l2 0 2» 
, i^j&500 ACDA1N A^e>^e^^-^^^IM2 0 2 1 il, Mff^0.3 jam fr^Efc 

&$^M2 o 2 2 £££3^caSLfctf5M<D#M#)t^#^2 4xTv^., 

[0101] 
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n 



) 2 0 3. n^5'vKl20 



4 . nS)ty!f>f KM 2 0 5 CD 



KM 10 5) £B&|!?«l©fiif&-e&5 0 
[0 10 2] 

nDt^>f K«2 0 5(Z)_hlCtt, (MQW) fll^COtgffi. 

2 0 6*^$tltV^ o ^CD?£1£Jg2 0 6li. Al 0i5 In y5 N^^ 
^$5 n mOi^ H if 2 0 6 1 t, A 1 Q 7Q I n Q 3Q N Z>$gmffi 5 n m 

<Z>M J ?*#F'«2 0 6 2 Hj$3t£.izmM-£n&Z.}lK& V, ffl 3 JS<59#JS#3££ 



2 0 6 1 #ff 7 



Fl2 0 6 2 t>m 6I©^6H©#1I^F (MQW) «jg-e&£ 0 
[0 10 3] 



. &t*. iEfiS2 l OA. tfS2 l 0 B(Z>#«tJ&lcov>Tti:. i l HIM®^ 
U-if loo ©#>TO3iS# ( p Mft;ff-f KI107, pS^7>y KM l o 8 
, pSn>^^ Ml 0 9. sEmmi 1 0 A. 1 0 B) 



[0 1 0 4] 



J£TF. 4#IC. A>y7?l2 0 2©SgjgX5gCoV^i¥L<*E'<<5,> 

[0 10 5] 
(Zt«y77l2 0 2 CO^jtXS) 



77-f7Si2 0 1 &MOVPE 



«2 0 1 &^Cffloi-/^>^Lfc 0 
[0 10 6] 
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#CtC 400r^-e<£T^-a:T, H 2 £20 liter/^K NHg 5:10 liter/# 

, TMA 2: 1.8X 10~ 5 £U&LT, m^ffi 500A<Z> A1N J: U j££ 1 Jf B 



iC&if H 2 &20 liter/^ NH 3 £10 liter/^ TMG £ 1.7X 10~ 4; t;b/^ 
T'Mbt, K^J0.3 a mfflGaN 2>> ^S^H® 2 0 2 2£?£j&Lfco 



[0 10 7] 

#{c, 77-friS2 o i (DUJg*. n 



B<z>^&&M.fcM2 o 2 i (bj&ffi.tm— 5ooa<a^$(Z)ain 

s 2 m a ©^^^foM 2 021 zmrnhfe* ^-77^71^2 o 1 <du 

mo.3 /ttm©GaN *^^fMil2 0 2 2 SrJ^/ifcl/fco $ it^r-TT 



«2 0 1 0>*&S&. S 



: -^^fOM2 0 2 1 £7£j£Lfc 



J£U:<Z>$IICLT, 060/1<y7 7l2O2?:ML/fc„ 
[0 10 8] 

(*§4£Ji 2 0 6 ©S^itXg) 
niM>fFI2 0 5 5:tIt, ^TS^IC N 2 £:3f -v 'JT^ilL/T, NH 3 
. TMA&tfTMl£gy&bT, nM^ KI2 0 5®±IC, A 1 Q 4Q I n Q6Q N 
f>^5l^»5 nm0i?ilS2 0 6 1 $:^Lfc„ 3<Z)B£(7X ^S^MI 



600 — 9 00 TC, TMA(Z)#t^^li 2 — 1 0 /i mol /£\ TMKD#tj^ili 1 5~ 
1 OO^tmol NH 3 (Z)«j^*ttll slm-e$>So 

[0 10 9] 

#CIC, N^^r-V'JT^fclT, NH 3 , TMA&tfTMl££y&LT, Al^In,, 
30 Nfr£f£SigJiM$5 nm®I^Fl2 0 6 2 &7£JE&U£:„ 
^S^l±6 0 0-9 0 01C, TMA©#t^*tt2~l O/taoI TMI©«^; 
»15~10 0 fiaol NH 3 OD^fc*&*ttll slmT?&& 0 

[0 110] 



2 0 6 1 fcIW!2 0 6 2 £.Zm—3kftX* 5 mmmmh 
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. 3SiC f (D±fC A 1 0 95 I n Q>05 N^ ^^Si^ 5 n m©i^ ill 2 0 6 
[0111] 



l^ttlOOOmAlCT^ 



^m^lOmW, $&M¥-2&-miZ. 4 1 Onm (#3t-£0 l?$>ofe„ 
[0 112] 

^ r(5D^^l/-if 2 0 OtCfc^Ttt, l«VW>^?i*(In)*I.IIJt(Z>*^-# 
Fl2 0 6 2 £7£/&Ufcfc#>, 3©*^#FJStf>P'3SHC33^T I nN»^ 



[0 113] 



2 0 6 1. &t>\ g^-^i^JS 2 0 6 



&«2 o 6 *&mmmbfr<M&'tz>z.t:i$T*&t~r-&>. mmns. mmv^^ 

[0114] 

j^±©^{clt, ^mibmytm* (ld> &igst-r<s>:i£tcj: y, ^ft^ft 



& (LD) 0>f|H$r£;g< U 



v * e> # #8 18 © ^ #J <Z> B 69 5: "T £ - t # T* £ „ 
[0 115] 

— flgtC, ±|B©^ 2 ^!i£#|<Z)*i!lC, Pi 2 0 6 2 0M >^^A(In)^^ 



2 0 6 1 ©#U ?A(Ga)3fij£ 



J£y£ r y = oj , r y = oj 3Ui ro^y<0.lj iitSi^tifJ, 03^ 



z<x^lj ^) TlCfcV^T, *^ 



2 0 6 ltf>te^-5£$t&*^#^Ji2 0 
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6 2 <D%3-mm.izmiJi&^VZ>z. 

;JBE © 1/ - if £ ^f&T^ =fo <D H # X. *i £ . 



[0 116] 



2061 a^-i 



2 0 6 1 lC<fcoT : fo*^#fj«®2 0 6 2 £ [^©/S^ftlfl^ ^ 



[0 117] 

JLfe©^^ — 9" 2 O OlCi3V^&, iSttStf-^tfl 3JgJ:»J#jSS 



tlTV^ (N= 6, M= 7) 



T'?Sttl2 0 6 Irt^fS 



[0 1 18] 

_bSB(Z)^tcA^^TM2 o 2 £#-M£-r£z:i:"£\ ^e<D^tc 

S^flsJS (2 0 3 — 2 0 9) tf>^H'l££|HjJt£-t»:£ Zl HtfX'^fc* 3<Z>#: 



[0 119] 



$0M 2 0 2 



& »; > mmmn <omu ± iz a i x3 Ga Y 3 In i-x3-Y3 N *' 



[0 12 0] 

tot. -eo^efi©^^*: 



2 8 
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^ £ 3Jc#-t £ i h ifi T*g Z> o 
[0121] 

IIS5, **2^Jfifl|7ftl:, ^SS'&jRjftlJS 2 0 2 1 IC&A1N £Jg V^fcjWfi© 2 j&k 
CDGaN , InN *f> 3 ^n^(3DAlGaN „ InGaN „ 4 5^#>AlGaInN ^ Srffi V\ £ Z. £ tfiT* 

^Siiioo ~ioooA#S[£ bv* 0 

[0122] 



©JiMSSJB Kl fcfc, GaN tt3KJffifiKJt©3 7C*©AlGaN , InGaN . flESiSflJ&ifc 

[0 12 3] 

* fc, ^^E£-Mftlji©ff £ & lO0~lOOOA, 55 0 0- 

3 0 0 0 A £ -T £ d £ IC £ »J,. i£W£> *H"&iKf&JI©fRSfi;Kfc 3 5 0~80 

MiI2O 2 20fS», 3 0 0 O A?:ii5 < 4 

[0 1 2 4] 

*a&-&*fiJJi2 0 2 1 hf^S!2 0 2 2H — ^ rAl x Ga Y i ni _ x _ Y Nj 

Kit. t77^f TXttSiC ^fcJBV^Zliltf-e^So 
[0 12 5] 



2 9 



ffifI4$ 2000-3055849 
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11—341357 




2 0 3 ^fiStSiil^ n^zi>#* M2 0 3 ©*g|iffi**& 



[0 1 2 6] 



[0 12 7] 



. # mOO G a N 



mm. Kff&j 5 # m 



:^<£>i^$J 5 mCD GaNf ( 



frtc^vfev bm<Dm&m&> ©5x1 o 6 /cm 2 

£&*J. aiy^bT y Ntf>ifcte. tt* J: *J fe^cfglc (-tfJJSUi) 



[0 12 8] 
X. *»2|gJ6«^t±, 2 0 6 (Z> 



X.fc£, L E D^CD^frft^^tCfe W«?Stt« 2 0 6 ©«3ttt, 

F (SQW) «Jg*et>av^ 8H£Jg2 O 6©J?Sfe*100 ~1000Ag|£## 



[0 12 9] 

(i3*i«() 

07H 3 |&)i0!<Z> III»Sfl:ift^b^*4 £ ##U'— if 3 0 0(D 

[0 13 0] 

&f&3m&wa>¥m>fcis—*f 3 0 0 0>gi 1 ©akfc^i&tt, ®7c^$nsjeAT 



©fSftM 3 0 6© 



(1) MQWM3 0 6 (-£ff-5JiT^ 2 MJ©<Z>MQWfPI3£) 
( a ) tf#Ff 3 0 6 2 (A1 H I n x N ; x =0.20, 
(b) t^iif3 0 6 1 (A 1 x G a y N ; y =0.80, 



5 n m) 
i5nm) 
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[0131] 



mM<Df£ imMWT'l*. AyyrmUhX, A1 0 .i5 Ga o.85 N £V&>Z> J% 



0 {C£^T&, 

[0132] 

gP*>, %L¥m{fcls—*f 3 0 0<Z>f§ 2 (Z> J^T©#iC A'y77l3 
0 2#7£/&3;tlTV^3£:-£&£o 

(2) A777I3 0 2 (_hT^tf2ST'. rty^>^C«fc£[HJ£!i7fMK) 

( a ) ^m&mmm 3021 (ti ; a 1 n, j^^jioooa) 

( b ) 3 0 2 2 (JtJS ; G a N, m^lOOOA) 

[0133] 

S8li, *m3H^M(5D IH^^^fc^^^^— 9*3 0 0&AV7T 
3 0 2©#at$:^-r^«J^»T®HT'S>S„ t77^tSl3 0 1 <D±lZlt 



ff$JlOOOA<Z)A 1 N«fc »; J&S^M-S-MfDJi 3 0 2 1 21©^ 



Pt 



:f0 



3 0 2 1 <Z)JtlC Blff&JlOOOAcDG aNJ:yMigiM3 0 2 2&MfcZtl 



[0 13 4] 



^g^iUI 3 0 2 1 tf^!3 0 2 2 i:t'A«)/77l3 0 2 #$M&£*lT 



3fOM3 0 2 1 fcf^!3 0 2 2jg&±, ^lUffiMti 



0 1 <D®ffiMeA_hlC&, mff^HO^ni©GaN J:^nS3>^^ h 
[0135] 

jJSV^li, ^^5fDM3 0 2 1, #^^13 0 2 2 Sri?- 7 



3 1 
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* (Si0 2 Jg) 3*VfCJ:y, 01 (b) Xii (c) tC^-r<fc5&C, X 

[0 13 6] 



:fDJI 3 0 2 1 ©JKJ?^ ^H^MAUS 3 0 2 1 (DMHiW^ 



&^r, *«3 o i sr^-r L%*tftSiir«&*Mttfcv\ 0 ^1^1 3 



021© 



ICtt, ^fr&iRjftUI 3 0 2 1©T^©—^*^ tt^3 



0 1 tfWffiU&V^K 
[0 13 7] 

[0 13 8] 



7t>y7 7l3 0 2<Z)lHI&<Z)j£;*&. 



[0139] 



) 303 oi&f&ism. m.mz*ti&>m< 

[0 14 0] 
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W*>. GaN <fc nS3>3f^ M3 0 3 te, GaN <fc »J^S^il3 0 2 

^S^3 0 lCD»mM^AT'li, f^M3 0 2 2 ©fJilM^ B ilKLJ&R U £Ga 
N ^iitt, GaN #^[nKC:nlf#:*$/^;W&;g-r£ 0 
[0141] 

3 0 3 ^^1 3 0 2 2 Zmt: bTM^'|nIJC=foil^'lHltCt,aQhf^^ri/^;i/^S 

t5©T% ^l|gJ6Mi: »; 2*>&C ^Sf£©lSVMiM=i>^^ M3 0 3# 



[0 14 2] 

IC. »3tdf>f*-F, if (LED, LD) 

ft/S^ffi^ & n Z> ^ £: # T? £ -5 „ 



[0 14 3] 

_hsBCDJ:^{CbT^itS*lfe^##:l/-if 3 0 0 tt. 



ttlOOOmAtCT 



3fcffi;frlOmW, 3fcffifcr-#$fcRMU 3 8 0 nm 0*1**10 
[0144] 



3fcUt^ (LD) <Z)f^#£;5<U 



[0 14 5] 



[0 14 6] 

*m3mffiMlZ&^T. f^l3 0 2 2tnSa>^9M3 0 3fc 
£GaN fclfe^ 3 0 2 2 £ n^n># * 3 0 3 H fflffcJt 
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<D TA1 X Ga y In x _ x _ y N(0 ^x ^1,0 ^y ^1,0 ^x+y ^l)j <fc»J^S 1 1 life 



[0 14 7] 



MM 3 0 2 2teg«3 0 lJC*fUT, Jt«{65nitr^^ri/^;i/^L/ilV^^it 



[0 14 8] 



PI 



[0 14 9] 

got, ±&<Dm3 9mm~cit* #isiM3 o 2 2©ia^jfcfc. nfa>^^ 

[0150] 



ymmi o i awym i o 2x»#ieii3 o 2 2 ^^©^s^-c^^f 
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N 



[0151] 



^WfrMt. Itii, n|3>^^ M3 0 3^SI3 0 2 2^(Z)#M^* 



<Dm m 



BB' 



[0 15 2] 

±m<D&mMmK&VZ>AyZ7Tm 1 0 2. ;t>y77l2 0 2, 

) ©^tt. A 1 N<D{&. G a N, I nN, A 1 x G a 1-x N (0<x< 1) , 
In v Ga 1 _ x N (0<x<l), Al v I ni _ v N (0<x<l) , A 1 Y G 



1-x 



In x _ N(0<x<l, 0<y<l, 0 < x + y < 1 ) ^T^K < 



7c, rAl x Ga y Inj_ x _ y N (O^x^l, O^y^l, O^x+y^l) 
J /&&jffif£5£fCfc^T, Ill M5tm<Dz>t><D— ffiZtfUl/ (B) , ^UtfA (T 



1) X* 



(N) 0>— 3B£U> (P) , 



titm (As), 



> (S b) , IfX y'X (B i ) 



[0 1 5 3] 

&2£&660fO>4M*ftI/--*f 2 0 0®;t»v7 7l2 0 2ld35^T&, 
2fct*£ 3 Hifcttl©, ^#^l/-ifl 0 0. 3 00©A>y77ll 02, 3 0 2© 

o7c#, ;^y7 7l2 o 2 jcjsv^t*, !g i & W 3 HJ6« i: H«tc, r^lc^M 

StlS^I (nia>^^M20 3) ®^|6j^tCi:-5^ft(Z)|6lJ:$: 

s m £ •? & ±m & m & x <y ^ > y & m u t *> & v \ . 

[0 1 5 4] 

IPt>, ;^y7 7lfctTH r A 1 1-f Ga f In N (O^f^l 
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, O^g^l, 0 ^ f + g ^ 1 ) j <fc»Jf££2 7t. 3 m 5U$4^(D UimMIt 



[0 15 5] 
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